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0710′′to2507／15′′Ninlatitude and92010，3′′to92O11，  
15′’Einlongitude（Fig．1）．Considerable controversy  
SurrOundssorneaSPeCtSOfthesedimentologyanden－  
vironments ofdeposition ofthe BokaBilFormation  
OftheSylhetTrough．AlthoughtheTertialγSequenCe  
Orthe basin and surrounding areas has been widely  
StLldied（MathurandEvans，1964；HoltropandKeizer，  
1970こGanguly，1983；Roy，1986こJohnsonandAlam，  
1991こ Shamsuddin and Abdu11ah，1997；Ganiand  
Alam、1999；Mannan，2002；Royetal．，2007），detailed  
SedimcntologlCalstudyofthe Boka BilFomationof  
SylhetTroughisverylimited．SandstonesintheFor－  
mationfbrm one ofthe reservoirrocks fbrthenatural  
gasofthecountIY．Absenceofdetailedstudyalready  
Createdproblemsinexplorationandexploitableofgas  
什omthefbrmation．Theo切ectiveofstudyistocon－  
StruCtthcfhciessequenceofthefbrmationtointerpret  
its paleoenvironments ofdeposition andthepaleoge－  
OgraPhyduringitsdeposition．   
Methodology   
The section studicd was closely examined（in cm  
SCale）toidentifylithology，COlor，teXture，internal  
Sedimentary structures，and boundary conditions to  
identifytheindividualfaciesandthefaciessequence  
andassociations．Standardpracticeswerefbllowedby  
Allen（1968），WilliamsandRust（1969），Casshyapand  
Tewari（1984），CantandWalker（1976），Mia11（1978），  
Rust（1978）andReading（1986）．Eachfaciesisdefined  
Onthebasisofthedominantlithologyandsedimentary  
StruCtureSPreSentandiscodedfbllowlngtheschemes  
OfMiall（1978）andRust（1978）．Finally，theenviron－  
ments ofdeposition and paleogeography have been  
interpretedfromthefhciessequenceandassociations・  
Paleocurrentsand waterdepthswerecalculated丘■0rn  
thedirectionandthicknessoffbresetsofplanarcross－  
Stratifiedsandstone（Sp），Plungeoftrough，ripplemarks  
andotherstruCtureSfbllowingPetttiohnetal．（1987），  
Allen（1964）andYalin（1977）．   
C;eological Setting 
Thestudiedareacoversthenortheasternfbldedpart  
OftheSylhetTrough／SurmaBasinalongthesouthern  
fbothi11s ofthe Khasia－JaintiaHi11Rangein Megha－  
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Abstract   
Eleven facies（St，Sp，Sh，Sr，Sw，Sl，Sr，Fsl，Fl，Fm，  
andFb）havebeenidentifiedinasectionoftheBoka  
BilFormationofBangladesh．Thesefhcieshavebeen  
groupedinto three fhcies associations；（i）sandstone  
fhcies association oftidalchanneland estua ine envト  
ronments（SFTE），（ii）heterolithic払ciesassociationof  
tidalnatenvirollmentS（HFTF）and（iii）shalefhciesas－  
SOCiationordeep－SeaenVironments（SFDS）．TheSFTE 
includesfhciesSl，SF一，S】，and／orS，，Where sHFTFcon－  
tainsfhcicsSr，S、V，Sl，Sr，F、IandF．，l．TheSFDSincludes  
faciesFbOnly．TheSFTEassociationindicatesdeposト  
tion under tidalactionin tidalch nnels and estuarine  
tidalcreeks where maximum waterdepth was about  
7m．Paleocurrents丘omthefhci s St，Spand Srshow  
StrOngbトdirectional，bi－pOlaroftidalaction・Faciesas－  
SOCiationHFTFsuggestsamixedandmud－dominated  
tida1月at、Wheremaximumwaterd pthwasab ut33  
Cm．TheassociationofSFDSwithlaminatedgreen sh  
graytoblackshale払ciescontainlngbothcalcareous  
and non－Calcareous embodied ripplelaminated silt－  
StOne（71division）andparallellaminatedsiltstone（Td  
division），indicatedepositionbothaboveandbelowthe  
CCDindeepmarineenvironments．Overall，theB ka  
BilFormationwasdeposited ntida川at，t dalchann l  
andestuarinetodeepmarineenvironments．   
Kev words：Paleoenvironment、Boka BilFomation，  
Facies，Lalakhal，Bangladesh．  
‡ntroduction   
The Boka BilFomationis wellexposed along a  
SeetionoftheBarogang、atributaryoftheHaririv r  
nearthecon鎖uenceoftheBarogangandHaririversin  
theLalakhalarea，JaintlaPurUpazi11a，Sylhetdistrict，  
NEBangladesh．Thepresent貢eldar alie within25  
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Fig．1GeologlCalmapofthestudyareashowlngtheexposedl七rtiaryrocksequence．  
1aya（Hi11erandElahi，1984）．TheDaukifaultsystem  
liesjust north ofthearea（Fig．1）．The sedimentary  
SequenCeSOftheareaconsistofacontinuoussequence  
from Paleocene Tura Sandstone Formation to recent  
alluvium（Reimann，1993；GaniandAlam，1999；Man－  
nan，2002）．TheSylhetTrough／SurmaBasinisasub－  
basinoftheBengalBasinsituatedinthenortheastern  
PartOfBangladesh．Thebasinisboundedonthenorth  
bytheShillongplateau，tOtheeastandsoutheastbythe  
Chittagong－TripurafbldbeltoftheIndo．Burmanrang－  
es，andtothewestbythelndianShieldplatfbrm．The  
SylhetTrough／SurmaBasinisopentothemainpartof  
theBengalBasintothesouthandsouthwest（Mathur  
and Evans，1964；Hillerand Elahi，1984）．Thestudy  
areafbrmsahomoclinalfbldhavingstriketowardsN  
820W－S820Eanddipplng170－580towardsSW．   
The stratlgraPhy ofthe Surma Basin has been es－  
tablishedonthebasisofextensivegeophysICalsurvey，  
drilling，and the exposed rock sequencein di脆rent  
areas（Khan，1978；JohnsonandAlam，1991；Reimann，  
1993；Mannan，2002；Roy et al．，2007）．The sedi－  
mentary sequences ofthe area consist oftheJaintia，  
Barail，Surma，Tipam，DupiTila，andDihingGroups，  
and a11uvium ofPaleocenetorecentages（Reimann．   
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1993）（Tablel）．Thestratigraphicunitatthetopofthe  
Middle Miocene successionin the BengalBasinwas  
designat d as the Boka BilStage（Evans，1932）．In  
SylhetTrough，thethickness ofthe BokaBilForma－  
tionrangesfromaftwhundredmeterstoabout1740  
m（Khan，1978）．FairlygoodsectionsoftheBokaBil  
Forma ionar exposedalongthesouthernbankofthe  
BarogangriverandbothbanksoftheHaririvernear  
Lalak alTeaGarden（Fig．1）．   
Boka Bil Formation 
The Bok  BilFormation confbmlably overlies the  
BhubanFormationandis unconfbrmablyoverlainby  
the T pam Sandstone Formation（Tablel）・It chie鎖y  
COnSists ofsilty shale／shale，Siltstone，and sandstone．  
TheaveragestrikeisN820W，dipplng580totheSW．  
T e iltyshaleisgraytobluishincolor，laminatedto  
thinlybedded，mOderately hard，COmPaCt，andhighly  
」Ointed．Atsomesitesstarvedrippleswithmicro－CrOSS－  
1amin tion are presentwithin the shale．The shaleis  
greenishgraytobluishgray，Verythinlytothicklylam－  
inated，andintercalatedwithsiltyshale．Thesiltstone  
isb uishgraytoyellowishgray，mOderatelyhardand  
COmPaC 、andlam n ted to thinlybedded、and shows   
Paleoell＼，il・011111ent両、tllビB（1kaBilFol、I11atio11   
ヱ・Planarcross－Strati鮎dsandstone伽ies（S。）   
Thisis one ofthe dominant fhciesin the Boka Bil  
Formation・Thisfhciesoccursassetsorco－SetSOfgray、  
mediumtoveryline－grained sandstonewithsiltstone  
andoccasiona11yoverliesぬciesSt，beingBrlergrained  
than the fhcies St．The sandstones aremoderately to  
WellsoIledwithintheindividualcross－Strata．   
The changesin geometricalf由ture ftom angular  
throughtangentialandconcavetoslgmOidshapeare  
fbund・Lateralaccretioniswelldocumentedbychang－  
esofdip（lowtohigherangleofdip，endinginlower  
angleagain）andgrainsize．Laminaesetsofangular，  
tangential，COnCaVe and sigmoid morphologlCalunit  
are sornetimes mud draped（Koshick andl七rwindt，  
1981）．Onthebasisofheight，theplanarcross－Strati一  
触dsandstonc払cies（Sl一）arecIass捕edintolargescaie  
andsmallscalesctsorcosets．Ingeneral、thefbresets  
Varies n・Om O．2to45cminthickness，and丘om50to  
60in dip．From重eld studyitis to benotedthatthe  
PlanarsetscrossqstratadipplllgtOWardsthenorthhave  
COmParativelysmallersetheight，lowerdipangle，and  
軋一ergrainsizcwithrespecttothosedipplngtOWards  
thesouth（職ble2）．Loeaiiy，theimmediatelyoverlying  
and underlyingsets show bトdirectionalpaleocurrent  
pattern．Thefもciesisdesignatedashcrringboneplanar  
CrOSS－Strat摘ed sandstoneねcics（St，ll）when bi－direc－  
tionalandbipolarpaleocurrentpatternisrecorded．   
ThethicknessoffbresettypewasmeasurcdperPen－  
diculartofbresetalignmentmidwaybetweentheupper  
andlowerboundaries．Thegrainsizesalsoarecoars－  
enlnglnthefu11vortex structure ofconcave fbresets  
COmParedto that ofprevortexangularandtangential  
andpostvortex slgmOidfbresets．Heightsoffbresets  
Vary什omO．5to5cm，aVeraglngOfl．2cm．Thisfhcies  
might have mainly fbrmed by mlgration ofstraight－  
CreSted（D）dunesandripples（Jopling、1967こReineck  
andSingh，1980；Harmsetal．、1982；Dalrymple，1984：  
Boggs、1995）．   
3．Horizontalstratifiedsandstonefhcies（Sh）   
This払cies generally overliesthefhcies Sp．Itcon－  
Sistsoflightyellowishgraytogray，medium－tO貢ne－  
grainedsandstonestrataincludinglittlesiltstonelayers．  
Theindividuallaminaesofthisfaeiesarehorizontalto  
Sub－horizontalwithverylowdegreeofinclination，i．e．  
nearly蔦atwithoutany slgnatureOfpartlnglineation．  
This horizontallaminated faciesindicates the fbrma－  
tionunderlower鮎wreglmeCOnditions（Allen∴柑80こ  
1七rwindt、1981）．  
Tablel・Stratlgraphyofthestudyareainandaroun   
Lalakhal、Sylhet．  
Age  Group  ForIllation   Lithologicdescrlpt】On   
Middle－    TipalTl  Light to dark yellowish brown   
Upper  Sand5tOne  
Mioじene  Sandstoneandsiltstonewithshalc：  
abundantclaygallpresent．  
U11COn丘）rnllty  
Upper   
Shalcwithaftwmicro＿Cr・OSSlamト  
natedlensesofsiltstone．  
Middle  
laminated sandstone with wc?vy and 
鮎scrlaminatedrippled、VCryfine－  
Bokとl   graincdsとIndstonealtcrnatlngWith  
Bil   
Lt）Weト  Luwer  Graytoyellowishgraytrougharld  
pl乙In乙IrCrOSS－bedded、Pこ汀illlcliln   
rlpplじ－1a111iIlとIted111ediしI1111し）1illじ－  
脚IillCd闇Ildsto11ealldsilts10nCWilll  
il叩e工・SistaIltClayalld 甜b（汀di11ate  
】all】iIlatビdぶ】1山e．  
Bllub乙In  Bluish 卯1y tO blilCkla litは ed  
Shと1k，OCCこISioJlally cdlc之IreOL】S、  
rlPpleとIndwilVylamin；・ltCdsiltstonc  
乙Indsil†1dsto11e  
Uneonぬrm11y   Para11cltowavyl川1inatedshalc．  
afbwrlPplemarks・Thesandstoncislightgraytoyeト  
lowish gray、mOderately hard and compact．thin to  
thickbedded、andmedium－tO6ne－g ained．Thesand－  
StOneis commonly trough，and planar cross－b dded  
Withabundantflaserlamination．   
LithoねciesAnalysis   
Elevendistinctsedimentaryfhcieshavebeenrecog－  
nizedinthestudiedsectionoftheBokaBilFormatio ． 
ThefaciesschemeissummarizedinTable2．The ndi－  
vidua‖如iesaredescribedbelow．  
1．Troughcross－Strati丘edsandstonefheies（S．）   
Thisfhciesconsistsofyellowishgrayt yellowish  
brown，mOderately sorted，mediurn－tO頁ne－grained  
Sandstonewith ftw siltstonelayers．Width anddep h  
Ofthetroughvaries斤om2．9to3．9mandO．59toO．9  
m．respectively．Both troughsand grain sizes are di－  
minishedupwardinthesuccession．Clays、pebblesand  
mudbladesoecuralongsomeofthefbres tsandbases  
Oftroughs．lnplaces．intrasetsofcross－Stratadipplng  
inoppositedirectiontothemaintroughsetsarep es－  
ent．Thefhciesoccursmainlymthelowe par ofthe  
SequenCeandatthebaseofmostchanneldeposits．The  
ehanne）fbatureintheouteropshows15－20mandl．2  
－3．6minwidthanddepth，reSPeCtively．  
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Table2．FaciesschemesfbrtheBokaBilFormationinthestudyarea．  
Tllicknessof－  
Facies  Sedimentary  
Lithohcies   ′1七xture  Contact   bed／1aminae  lnterpretation   
COde  StruCture  
（Cnl）   
Fh  Laminatedblack   Sllale Para11ellamina－   0．02toO．1  Bathyalandabys－   
Shale  tion  sal   
Sha叩  
F…  Mudstone  Clay  Massive．occasio－  0．03toO．2  Bartopdepositor  Productofnobedmovementin  
nalroottraces，  rnaybeintertidal  Slackwatel’StageOrtidalenvi－  
learimpression，  且at．   1■Onment   
bioturbation  
Gradational  
Fl  Para11e11aminat＿  Siltyshaleto  Parallellamina～  0．04toO．3  
edsiltyshale－   shale   tion  orchannel負1lor   
Shale  Sha叩ノ  tidal月at．   
Gradational  
natedsandstone－  sandtosilt   nation  amuddominated  tematlngwithmuddepositio11in  
siltstone   within clay ellVironInent，  lowestlower月owreglmeCOndi－  
tionoftidal刊atenvironment   
Sharp  
Flaserlamination  0．2tol．5  
edsandstone－  sandtosiltwith  nlOStlywithi11the  CurrentaCtivltylntidalenviron－  
siltstone   托wclay  troughofripple．  lⅥent．   
SllaI－p  
Wavylamirlation  0．3tol．2   Tidalllat  Productofripplemovementin  
Very翫1eSand－  lowestlower円owreglmewith  
StOne－Siltstone   slackwaterconditionfbrmud  
depositiollbetweentwotides，  
noodandebb．   
Sl】arp  
Ripplelamination  0，3to2．5  Srna11scale2－D  Inabandonedpartofchannel，  
Salldstolle－  and3－Dripple  Shallowandcl・eVaSSeChannel，  
siltstone   silt  tidal鎖atatshallowwaterinteト  
tidal enviroIlment 
Sllal－p  
S－  Pal・a11ellalllト  Fine－grained  Paralle11alTlina－  0．4to9．2  Paralle11aIlliIl王ト  Lower刊owl’eglmePlainbeds  
natedsandstone一   tion  tionintidalnat  inbartopsorshallowestpartlng  
siltstome   tidalctlannels．   
Sharp  
S－、  Planarstratified  Mediumtovery  PlanestratはcaM  3to20  Plainbedinbar  Lower貝owreglmePlainbcdin  
Sandstone  爺ne－grainedsand  tioll  tops、inter－tidal   
Withoccasion－  且at   envlrOnment   
allysilt  
Sha叩  
Sp  Planarcros5－  Mediumto爺ne－  Planarcro5S－  0．2to45  Sub－aqueOuS2－D  Product or mlgration orsub  
strat捕edsand－  grainedsand  stratiGcation  rlppleoroc－  aqueous2－Drippleisshallow  
StOne   Withoccasional   CaSionallysand   
silt  WaVe   
Erosive  
St  Troughcross，  Mediumtoveけ  Troughcross轟  50to2（iO  Subaqueous3D  DepositioninthedeeperPartOf  
stratifiedsand＿   duneinthedeep－  
StOlle   andsilt   estpartofthalweg  
Ofchannels，Small  
tomediunュ．   
（Boersma，1970；DeRaafetal．，1977）．Thisfaciesoc－  
CurSaSlenticularunitsparallelto鎖owdirection．Crest－  
alareas are sometimes truncated andinternallamina－  
tionsaremuddraped．Internalcrosslaminationofthis  
rlPPletypeshowsunidirectionalcrosslaminationwith  
leesidesofrippleinoppositedirections・   
Lateralorverticalsuccession ofripplescommonly  
showsinternalcrosslamination with bidirectional  
Paleocurrent．Duetoreversibilityof且owdirectionin  
tidalenvironments，theRSIvaluescanbeverysimilar  
tothoseofwaveonglnatedripples（Table2）．However，   
4．Ripplecross－laminatedsandstone－Siltstonef cies  
（S．）   
Ripplecross－laminatedsandstone－Siltstonefacies（Sr）  
isthemostdominantfaciesintheBokaB lFormation．  
It consists of gray to yellowish brown，mOderately  
We11sorted，Veryfine－grainedsandstoneandsi tst ne．  
GenerallyltOCCurSOVerthefhcies Sp，ShandSl，The  
WaVelengthofripplesrangesfrom2・5to29cm．Ripple  
Indices（RJ）andRippleSymmetryIndices（RSI）vary  
from3to15．71andl．25to3．33，reSpeCtively（1もble3），  
SuggeStlngthattheyaremostlywave－inducedripples   
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Pこ1lcoenvironmentortheBokこIBilFormation  
Table3．Pal・ameterSOfripplesinl・ipplelaminatedsandstone－Siltstonelhcies（S一）・  
（alしIPSlopeし00－り00alld27lO－3600）．  
LS  LL  入＝LS＋LL  Rll＝   RI＝  OriglnaCじOrding   RSI＝LS／LL  LeeAziIlltlth   
（Cm）  （Cnl）  （C！11）   （URl、）   toRIValue  toRSI＼・alue   
り5   7   16．5   3．5   4．71   M   1．357   
OriglnaCCOrdil唱  
350  W   
3．5   8．5   ヱ5D   【N。．                                    l                    1 已  5  8．5   M   1．428  W   
3   3．5  1．5   5   0，5   6   M   1．57   150   W   
4   10  5．5   15．5   l．8   8．61   M   1．818   150   W   
5   4   2．5   6．5   1．5   4．33   M   1．6   50   W   
6   4   1．5   5．5   0．5   M   2．66   3ヱロ   M   
7  3，5  2  5．5  口  5．5  M  1．75  100  】  w  8  15  6  ユl  4．5  4．66  M  2．5  27C■  W  り  4．5  3  7．5  2．5  3  W  1．5  250  W  皿  5  3．5  8．5  l  軋5  M  1．42ポ  150  W  円  ユ．5  つ  4．5  口  4．5  M  1．25  l（）0  W   
（b）tlいWllSl叩e（りlO山一ユ7（）0）  
LL  九＝LS＋LL  Rll＝   RI＝  Ori糾ⅢCCOrdi11g   Ol・jgln損じCOrding   RSl＝LS／LL  
（C111）  （CIll）   （UR－1）   t〔lRlⅥ11ue  toRSlヽ－alし1e   
5．5   5．5   M  1．75   川50  W   
3．5   り   1.55 6   M   1．57   之000   W   
4  0．4  川  M   1960   M   
4  0．7  15．71  （’  l、75   21）00   W  
5   12   2  l．4  W  h   1り00   〔丁  
7   ユ．5   W   2．5   2050  W   
2日OO  W   
2r）ニO  M   
ユ1（）十  ≠   
ユ．5   0．5   4．4   M   2．142   2（）50「 W   
つ   
1り50 
5．5  14．5 7．ヱ5   M   1．635   LecA∠inltltll                  つ    ロ                          l   n           6                                 つ    つ                 2．5  6．5  1．5  4．33  M  1．6            8  2り  3．5  3．625  W  2．625            ユ．5  6．5  ロ  b，5  M  l．ら   ＋    什7                           w工二w   
（M＝Mixcd，（●＝CurrentandW＝Wavc）  
5．Parallellaminatedsandstone－Siltstonefacies（Sl）   
Thisfhciesnorma11y occurs overthe臨cies Spand  
OCCaSionallyoverthefaciesSr，SwandSr．Thefhciesis  
Palegraytogray∴mOderatelysorted、and且netovery  
重ne－grained sandstone and siltstone．Thelaminaeis  
Para11elwithnegligibledip．Thicknessoflaminaevar－  
iesfromO．1to2．3cm．Duetopresenceofmuddrapes；  
thisis designated as para11ellaminated sandstone－  
Siltstonewithmuddrapefacies（Slm），   
6．Wavylaminated very fine－grained sandstone－   
SiItstolleねcies（SⅥ）   
Thisfhciescompnseslightgray，mOderatelysorted，  
Very重ne－grained sandstone and siltstone・The wavy  
natureisprobably due tothepresence ofunderlying  
rippledsur払ces（ReineckandSingh，1980）・Thisfhcies  
iscommoninthe貢ne－grainedupperheterolithicpart  
Ofthesequencethatoverliesthechannelbodiedsand－  
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RIandRSIvaluesindicatethepresenceofwaveac－  
tionin a tide－dominated environment．The fhciesis  
Subdividedinto rlPPle－1aminated sa dstone－Siltstone  
Withrnuddrape（Sm一）andbioturbatedripplel minated  
sandstone－Siltstonefacies（Srh）、ifmuddrapesandbio－  
turbationarepresent，reSpeCtively（Fig．2，Table2）．   
The presence ofmud drapes with n andstonein－  
dicates slack water stages altematlng With period of  
currentactivity．Thisiscommonlyobservedinshallow  
tidalenvironments，POSSiblytidal且ats・Thepaleocur－  
rentsalsosupportthisinterpretation・B polarandbidi－  
rectionalpaleocurrentswithtrunca edripplesandbio－  
turbationpatternsaresuggestiveoftidalenvironments  
（DeRaafetal．．1977こArcheretalリ1991）・W ter epth  
duringdepositionofthefhciesSrlaylnthe angesof  
3，64J2．92cmand2．4－33．Ocrn、aCCOrdingtoth fbト  
mulasofAllen（1982）andYalin（1977），reSpeCtively  
（Table3）．  
Hossain，l．efa／．  
Depth Lithology  
Fig・2（a）SummarizedlithologoftheBokaBilFormation，Lalakhal、Jaintiapur，Sylhet，Bangladesh，  
（b），（C），（d）aretheenlargementoffhcieslogsinFig．2a，withi11thethicknessrangeof275to  
280m，267to269mandlOto15m，reSpeCtively，（Abbr．P．Peat；M，Mudstone／ShaleこSilt，  
Siltstone；FS、Fine－grainedsandstone：MS、Medium－grainedsandstone；CS，Coarse－grained  
SandstoneこVCS，Vtrycoarse－grainedsandstone；GR、Gravel／Pebble）．  
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PaleocnvironmeIltOrth亡BokilBilFomliltion  
SedimentarystruCtureS，althoughroottraces，1eafim－  
PreSSion，burrows，and mud cracks arelocally pres－  
ent．It fbrms the uppennost part ofthe heterolithic  
SequenCe．GenerallyitfbrlnSthetoppartofthefacies  
CyCleconstitutedbythefhciesF、l，FlandFm．Deposi－  
tion ofclayrequlreS a Calm environmentwhen蔦ow  
Velocityisnearlyzeroandsuspensionfhlloutratewas  
high．Presenceofroots，leavesandllludcrackssuggest  
depositioninamangrovetypefbrestlandintheinter－  
tidaltonearsupratidalzone（Tirsgaard，1993）．   
11．Laminatedblackshalefacies（Fb）   
Theblackshale払cies（Fh）isaftwcentimeterstol  
mthick，SOmetimesmppletothinlyparallellaminated  
Siltstone units ofturbiditeTc and Tddivisions（Fig．  
2）areintercalated．This shaleislocally caleareous．  
Blackshalewiththinparalle＝aminationdenotcsqulet  
COnditionsunderareducingenvil・Onment．TlleCalcare－  
OuS OrnOn－Calcareousnature oFtheblack shale sug－  
gestsitwasdepositedaboveandbelowthecarbonate  
COmpenSation depth（CCD），the depth bclow which  
Carbonates are completely dissoIved（Hesse，1975）．  
TheseshalesareinfhctpelaglCandhemトpelaglCmud  
layers，divisionl七ofturbidites depositedin deep－  
SeaenVironments，Particularlyinbathyalandabyssal  
Plains（Bouma，1962；Hesse，1975；Mutti，1977）．The  
rhythmic occurrence offine－grained turbidite T℃／Td  
divisionsandblackshaleobservedinthisfheicscanbe  
interpretedintel’mSOFdeep－SeaSedimentarysequencc  
（Shanmugam，1980）．   
FaciesAssociation   
OnthebasisofdominantlithoIogy，dimensionsof  
Sedimentary structures and water depths，the fhcies  
Ofthestudy areahasbeengroupedintothree fhcies  
associations：（1）sandstone facies association oftidal  
Channelandestuarineenvironments（SFTE）includirlg  
fhciesSl、1argescale SpandSh，（2）heterolithicfhcies  
associationoftidal－natenVironments（HFTF）including  
SmallscaleSp，SI，Sr，S“、S（・．F、1．F）andF，ll，and（3）shale  
fhcies association ofdeep－Sea enVironments（SFDS），  
Whichincludeslaminatedblackshale（Fh）fhcieswith  
rippletoparallellaminatedsandstone－Siltstone（ttlrbi－  
diteT℃andTddivisions）（Fig．2）．   
1．SFTEAssociation   
The SFTE facies association is restricted to tidal 
PrOCeSSeSinchannels（largeorsmail）andtidalcreeks．  
SedimentthicknessisgreaterthanthatofHFTF．The  
SFTE comprlSeS fhcies ofSt、1arge scale Sp，and Sb  
Where Spis most dominant and Shis rare．In SFTE．  
月uctuation ofwaterveloclty bothin rnagnitude and  
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StOne，Within別Is ofplanar，trOugh and ripple types  
facies（Px，tX and Sr）．Sandstone and siltstonelayers  
SOmetirneSaltematedupwardincyclicpat ernSknown  
asverticalaccretedtidalbundles，VTB（Lapido，1988；  
TessierandGigot，1989）．   
7．Flaserlaminatedsandstone－Siltsto facies（SJ   
The coarse－grained portion ofthis fh iesis com－  
POSed oflight gray，Veryfine－grained s dstone and  
Siltstone．Thefine－grained portioni  m de up of  
brownish－grayClaysizedparticles，irnPlyingalternate  
periods ofcurrentactivity払rthedepositionofsand  
andsilt，withperiodofquleSCenCeOrStandstillfbrthe  
deposition ofclay（Reineck and Wund rlick、1968）．  
Themuddepositedfromsuspensionduringslacktimc  
is preserved mainly on the troughs orpartly on th   
CreStS Ofripples，and hence the mudis called鎖aser  
（ReineckandWunderlick，1968）．  
8．Lentic11larlaminated sandstone－Silt tone facies  
（Fsl）   
Lenticularlaminated sandstone－Silts one facies con－  
Sists oflight graytolightyellowi  gray，VelY甫ne－  
grainedsandstoneandsiltstonehavlngaPPearanCeOf  
biconvexlens embeddedinshaleormudlayers．The  
lensesarebiconvexand／orstarvedripples，mOStlycuト  
rentgeneratedandsedimentsupplywasde重cient．The  
lengthofthelensesvaries丘omO．05toO．25 mwhereM  
asthethicknessrangesfromO．1toO．7cm．Thisfhcies  
is comrnonlyobservedintheupper，航ne－grainedpart  
Ofheterolithicfacies．Thisfhciesalsoindicatesalarger  
periodofquiescenceduringwhichmudwasdeposited，  
OCCaSionallydisturbedbycurrentactivitywhenalens  
Of sandstone－Siltstone was deposited（Reineck and  
Singl－，1980）．   
9・Parallellaminatedsiltyshale－Shal f cies（Fl）   
This faciescomprlSeSgrayishtobluishgr y，1ami－  
natedsiltyshaletoshalewithorwithout rganicmat－  
terandmicanakes．Organicmatterisalittleblackish．  
In placesleafimpressions and root traces（m stly  
Carbonaceous）aTeObserved．Thethicknessvariesfrom  
O・3toO．4cm．Generallythisfaciesisobservedinth   
middlepartofthefhciescycleofFsl、FlandFm．The  
Paralle11aminationsmayhaveorlglnatedatthelowest  
CurrentVelocity ofthelower頁ow regime（Harms et  
al・，1975）havinghighsuspendedsediment．Theseare  
COmmOninless energetic mudTdominated tidal月ats  
（ReineckandWunderlick、1968こTirsgaard，1993）．   
10・Massiveclayねcies（Fm）   
This払ciesisgrayorbluishgraylnCOlor ndlacks  
Hossain、Ⅰ．ど＝7／．   
directionupanddownlocalslopesandofwaterdepth  
inperiodicorderisregardedastides，inrespollSetOaト  
tractionsofthemoon－earth－SunSyStem．   
High丘equency tidalcyclesinclude semidiurnal，  
diurnal，mixed、fbrtnight，andmonthlycycle，Thistype  
Oftidalcyclicitymaybe determinedfromthelateral  
SuCCeSSion ofplanar cross strat靖cation offacies Sp  
with mud drape on fbresets．Thislateralsuccession  
maybe calledlaterallyaccretedtidalbundles（LrB）・  
Duetotheabsenceoflengthyexposuresandvegeta－  
tion coverage，thelateralsuccession ofLTBs could  
not be properly determined and documentedin the  
Boka BilFormationinthe study area．Consequently，  
tidalcyclicity（Whetherdiurnalorsemidiurnal）could  
notberecognized．However、theassociationoffhcies  
St，SpandShClearlyidentiiiestidalactioninchannels，  
estuariesandtidalcreeksofSFTEwherewaterdepths  
Vary丘omO．lmto7m．Paleocurrentsaredominantly  
bidirectioIlalandbipolarwithdistinctdistribution（Fig．  
3b川）．   
2．HFTFAssoeiation   
V血icalaccretedtidalbundles（VTB），COnSistingof  
alternationsofcomparativelythickerlalninaeofsand－  
StOne－Siltstonelayerswithapparentlysharpcontactand  
thinnermudstollelayer are sometimes visible within  
theHFTF association．Thecoarse－grainedfraction of  
theVTB（faciessmalトscaleSp，Sr，Sl，Sw，Sr，andFJSln）  
represents highenergy conditions suggestive ofpeak  
tidalvelocity，and the航ne－grainedfraction（fhcies Fl  
andFm）representsslackwaterstagesof月ow．Accord－  
ingtoShji（1991）thicksand／silt－richlayerwithfacies  
SmalトscaleSp，Sr，Sl，Sw，Sr，Fsl／SlnmayrePreSentSPrlng  
tideperiods（7－8days），andthinmud－richlayerswith  
facies Fland Fmmayindicate neap tidalperiods（8，  
7days）．Paleocurrents show bipolarity（Fig．3b（1i））．It  
generallyconstitutes toppartofthe SFTE ormiddle  
PartOfthewholesequence．   
The facies sequence，aSSOCiation and paleocurrent  
Patterninthisheterolithicfhciesassociationsuggestits  
depositioninshallowmarinetointertida1月atenviron－  
ments（DeReafetal．，1977；ReineckandSingh，1980；  
Terwindt，1981；Tirsgaard，1993；Dalrymple，1992），  
Wheredepthvariedfrom3cmto33cm．   
3．SFDSAssociatiom   
Laminated biack shale facies（Fb）with embodied  
ripplelaminated siltstone（rIt：division）and paralle1  
1aminated siltstone（Tddivision）constitutethe SFDS  
払ciesassociation．ItoccupleSthetopmostpartofthe  
Whole sequence．The both calcareous and non－Cal－  
CareOuSnatureOftheblackshaleindicatesdeposition  
lO  
abov  and below the carbonate compensation depth  
（CCD）indeepmarineconditions．Theembodiedripple  
（Ttdivision）andparalle11amination（Tddivision）in  
siltstoneareindicativeofdistalttlrbiditedepositionin  
a deep－Sea enVironment・The occasionalpresence of  
pyriteinblackshale（Reimann，1993）furthersuggests  
reducing conditions・The SFDSis hence suggestive  
ofadeep－marinee vironmentintheupperpartofthe  
BokaBilFomationinthestudyarea，withwaterdepth  
assum dtobe2000mormore．  
Faci sMo elandPaleoenvironmentsofDeposition   
We obt ined pal ocun・ent data丘om azimuths of  
fbreset in（l）the planar cross－Strat捕ed sandstone－  
Siltstone（Sp），（2）ripple cross－1aminated sandstone－  
siltstone（Sr）a d（3）axis oftrough cross－Stratified  
Sandstone－Siltstone（St）facics．Paleoctlrl’ent PattemS  
（Fig．3b）showbidirectionalbi－pOlarityandamonodト  
rectionalpaleocurrenti  a smallsector（1200－1500）・  
Field observation revealed that paleocurrents in the 
lowersubunitwerewithinsomechannels，Whichwere  
estuarinein nature．However，the middle part ofthe  
SequenCeWaSdepositedillOPentjda‖ヨat・Thesemay  
contribut  to the bipolar bidirectioIlal paleocurrents. 
Themonodirectionalpaleocurrentin the smallsector  
（120O－1500）may have been derived n・Orn turbidity  
CurrentSinth uppersubu it・ 
Fromtheinterpretatio offaciesandfhciesassocia－  
tion，WeCOnCludethatthelowerpartoftheBokaBil  
FormationalongtheBorogong－HariRiversectionwas  
depositedinestuarineerlVironrnentswherewaterdepth  
WaS uP tO7m．This environmentshallowed upward  
intoshallowmarinetointertidal，andeventoasupra－  
tidalenvironmentdur ngdepositionofthemiddlepall  
Ofthe fbrmation（Fig．3c）．Bidirectionalpaleocurrent  
a sosupportatidalenvironmentduringdepositionof  
themiddleandlowerparts ofthefbmlation．Theen－  
Vironmentbecamedeeperduringdepositionoftheup－  
perBok Bilsedimentsintothedeep－SeamarirlePart  
Where di talturbidites could reach．Redueing condi－  
ionsaresupportedbytheprese ceofpyrlteandblack  
tobluishblackshalewithturbiditeTcandTddivisions．  
Deep－Sea Sedimentation during the upper Boka Bil  
Forlllation maybeattributedto marinetransgression．  
Thesetypesofsedimentshavebeenrepo11ed斤omthe  
toppartoftheBokaBilFomlationinotherareaofthe  
SyIhetTrough（Reimann，1993）・   
C nclusions   
S dimen ary fhcies oftrough cross－Strat捕ed sand－  
StOne facies（Sl），Planarcross－Stra捕ed sandstonelb－  
Cies（S ），planarstratifiedsandstone払cies（Sh）、ripple   
PaleoenvironmentoftheBokaBilFormation   
EnvironmentofDeposition  Facies Sequence Pal ocurrent Facies Association 
∵  Deepmarinewithftw   
turbidite deposits 
??←???
Estuarine  
FiB・3 Facies sequence and schematic depositionalmodelfbrthe Boka BilFormation near Lalakhal，  
Sylhet，Bangladesh．  
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CrOSS－1aminated sandstone－Siltstone facies（Sr），WaVy  
laminated veryfine sandstone－Siltstone facies（Sw），  
Parallellaminatedsandstone－Siltstonefacies（Sl），鎖aser  
laminated sandstone－Siltstone facies（Sう，lenticular  
laminated sandstone－Siltstone facies（Fsl），para11e1  
1aminated siltyshale－Shale facies（Fl），maSSive clay  
facies（Fm）andlaminatedblack shale facies（Fb）are  
recognizedwithintheBokaBilFormationinthestudy  
area．Thesearegroupedintothreefaciesassociations．  
TheSFTEassociationcomprlSeSfaciesSt，largescale  
Sp，ShandorSr，interpreted as the depositionrelated  
tostrongtidaleffbcts，．ThedepositionofHFTFfacies  
associationis related to weaker tide and丘nerhetero－  
1ithicgrainsizessuspensionnature．TheHFTFconsists  
offaciesofsmall－SCaleSp，Sr，Sw，Sl，Sf，Fsl，FlandFm．  
Thisfaciesassociationrelatedtodeepseasedimenta－  
tion（SFDS）consistsoffaciesFbWithripple（Tt）and  
Parallellaminated（Td）turbiditedivisions．   
Paleocurrentsin both the SFTE and HFTF are  
StrOnglybi－directionandbipolar，Whichstrongly sup－  
POrtSthein貝uenceoftidalaction・Waterdepthsranged  
fromO．1to7m，0．03to O．33mand2000mormore  
duringthe depositionofthe SFTE，HFTF and SFDS  
associations，reSpeCtively．   
The paleogeographic configuration during deposi－  
tion ofthe Boka BilFormation variedfrom estuarine  
Channelsandtidalcreeksinthelowerpart，tidal且atfbr  
themiddlepart，anddeepmarineenvironmentfbrthe  
upperpart．   
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